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The histogenesis of Kaposi's sarcoma has not
been adequately elucidated. There are two pre-
vailing views (1, 2): One view states that the
tumor arises from pluripotential vascular cells,
the other, that a neoplastic hyperplasia of the
reticuloendothelial system causes the disease. A
third hypothesis has been advanced by Pepler
and Theron (3, 4) who, on the basis of histo-
chemical and electron microscopic studies con-
cluded that the tumor originated from schwan-
nian cells.
The present investigation has confirmed the
old concept that the tumor cells originate from
pluripotential vascular cells. It, furthermore,
revealed that practically all of the two types of
cells composing the tumor, that is, cndothclial
cells and fibroblasts, arc actively engaged in the
phagocytosis of extravasated crythrocytes. In
this study, lysozomes were identified in both the
endothelial cells and fibroblasts by means of
electron microscopy and histochemical staining.
It is believed that the membranous structures
described by Peplcr and Theron (3) and inter-
preted by them as schwannian myelin sheath
represent residual bodies of lyscsomes.
I. HI5TOCHEMIcAL STUDIES
Histochcmical studies were performed, first,
to decide whether the tumor cells were vascular
or neural in nature and second, to study the
nature of intra-cytoplasmic granules observed
in many of the tumor cells.
Materials and Methods
Specimens were obtained from cutaneous lesions
of Kaposi's sarcoma in four patients. Excision was
performed under local anesthesia and frozen spcci-
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mens were cut with a cryostat at 7ji for the various
histochemical stains. The following staining
methods were employed: For nonspecific acid
phosphatase the stain of Barka and Anderson (5);
for the non-specific alkaline phosphntase the
stains of Burstone (6) and Gomori (7); for acetyl-
and pscudo-cholinesterases the methods of Koelle
and Friedenwald (5); for monamine oxidase the
method of Glenner ci at. (9); and for fl-glucuroni-
dase the stains of Hayashi ci at. (10). Sudan black
B, 0.5% in 70% alcohol, was used for the staining
of phospholipids. For the periodic acid-Sehiff
reaction, Coleman's Feulgen reagent (11) was
used. Some sections were incubated with human
saliva for 15 minutes prior to staining. As controls
for each enzymatic stain, substrate-free incuba-
tion media were used.
Non-specific alkaline phosphatase staining was
strongly positive in all vascular elements. In
areas of active proliferation the staining was
somewhat diffuse and less intense than in the
areas composed of fairly mature vascular ele-
ments (Fig. 1). Dilated lymphatics showed no
reaction (Fig. 1).
Non-specific acid phosphatase was strongly
reactive in granules present in the cytoplasm of
tumor cells. The greatest number of granules was
seen in the cells localized near to or surrounding
capillary walls and larger vessels (Fig. 2); whereas
the cndothelial cells of the capillaries contained
very few granules (Fig. 2).
/3-glucuronidase reaction was moderate to
strong in the same granules.
PA S reaction was positive in the same granules.
Digestion with saliva for 15 minutes greatly
diminished the number of PAS-positive granules.
Sudan Black B stained weakly the same gran-
ules.
Acetyt- and pseudo-c hotinesterases activities
were negative in the tumor cells.
Monoamine oxidase reaction was weakly posi-
tive in all tumor cells. However, the intensity of
the reaction did not exceed that of the epidermis
and appendages.
Ii. ELECTRON MIcRoscoPIc sTunIEs
Electron microscopic studies were carried out in
order to identify the cell types composing the
539
540 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
tumor and to clarify the nature of the intracyto-
plasmic granules identified in the light microscope
with various histochemical staining methods.
Materials and Methods
Specimens were immediately cut into small
blocks, one to five millimeters in length, and were
fixed in 1% osmic acid buffered to pH 7.4 with
veronal buffer and adjusted to physiological
osmolarity with sucrose (12). After fixation for
one hour tissue blocks were dehydrated with
graded ethyl alcohol and propylene oxide and
then embedded into Araldite. Thin sections were
cut with a Ge-Fe-Ri diamond knife in an LKB
Ultrotome. Sections were stained first with Rey-
nolds' lead acetate (13) and then either with 1%
phosphotungstie acid in absolute alcohol or with
1% uranyl acetate in distilled water. Some sections
were cut in a eryostat at SO/A and, prior to fixation
in osmie acid, were incubated for half an hour at
40 C in Comori's acid phosphatase medium modi-
fied as follows:
I. 0.012% lead nitrate in 0.05 M acetate buffer,
pH 5.0.
II. 3% sodium fl-glycerophosphate.
Fm. 2. Non-specific acid phosphetase reaction is
localized in the granules (arrows) of perivascular
tumor cells. Tumor cells with positive granules
are also seen in areas distant from the vascular
lumen. L: lumen of medium-sized vessels. )< 168
Mix 50 cc of I and 5 cc of II, then warm to about
40 C, filter out the precipitate and add 2.2 g of
sucrose.
Some of the frozen sections were fixed in 4%
glutaraldehyde with 4.5% sucrose for 15 minutes
at 4° C prior to the incubation in this medium.
Sections were studied with an RCA EMU-3G
electron microscope.
Results
Fm. 1. Atketine phosphatase stain of the tumor
reveals a weak and diffuse reaction in the pro-
liferating portion (P) of the tumor, while the more
mature vessels (M) of the tumor stain strongly.
L: lumen of a dilated lymphatics. X 87
The tumor was composed mainly of two types
of cells: endothelial cells and phagocytic fibro-
blasts (Fig. 3). Many of the endothelial cells
lining small-sized vessels were hypertrophic.
The lumina of newly-formed capillaries were
very small and were surrounded by only a single
layer of hypertrophic endothelial cells without
perithelial cells (Fig. 3). In well-developed vessels
the endothelial cells were flat and oblong as seen
in normal vessels and surrounded by perithelial
cells. It was often difficult to differentiate be-
tween endothelial cells and phagocytie fibroblasts
unless a lumen happened to be present (Fig. 3).
However, most phagocytic fibroblasts contained
many ferritin-like particles either scattered or in
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FIG. 3. Low-power view. Several young capillaries (C) with hypertrophic endothelial cells (e) are
proliferating near a fairly large vessel (V). In addition to the endothelial cells, a number of phagocytic
fibroblasts with ferritin containing lysosomes (L) are seen. While the perithelial cells (P) are relatively
thin, the cells become gradually larger as they are located farther away from the lumen (F1 ,F2 , F3).
The stroma is filled with newly formed collagenous fibrils. R: cxtravasated erythrocyte. X 4,950.
aggregates (Fig. 4), while the cndothclial cells
showed only few fcrritin-likc particles (Fig. 5).
Both types of cells showed a number of pino-
cytotic vcsicles along the plasma membrane and
in the cytoplasm (Figs. 4, 5). It was possible to
see in the pinocytotic vcsicles of some phagocytic
fibroblasts fine, ferritin-likc particles which ap-
parently were drawn into the pinocytotic vesiclcs
542 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
FIG. 4. Pinocytosis and lysosomes. A continuous
chain of pinocytotic vesicles (P) can be followed
into the cytoplasm. Large arrow shows a fairly
large pinocytotic vesicle containing aggregates ofdense ferritin particles. This vesicle is connected
with the smooth-surfaced endoplasmic reticulum(ser) which in turn is connected with the envelop-
ing membrane (small arrows) of lysosomes (L).
The lysosomes contain varying amounts of ferritin
particles. N: nucleus. X 25,650
from the stroma (Fig. 4). Although on high
magnification only a few of the ferritin-like
particles showed the four-cornered dense elements
as described by Bessis (14), it was assumed on
this basis as well as on the basis of the presence
of disintegratory erythrocytes within fibroblasts
that they represented a close precnrsor of ferritin.
Surrounding the fibroblasts amorphous to finely
fibrillar material was observed (Fig. 6). This
seemed to represent immature collagenous fibrils
secreted by the fibroblasts (15).
Other elements composing the tumor included
extravasated erythrocytcs, which were found in
various stages of disintcgraticn (Figs. 3, 7, 8).
The mechanism of decomposition of the trapped
crythrocytes seemed to be very similar to that
taking place in the erythrophagocytes of the
bone marrow, as described by Bessis (14); that is,
as the process of decomposition advanced, the
fibrous matrix of the erythrocytcs and ferritin
particles became apparent (Fig. 8). Spindle-
shaped mature fibrocytes (Fig. 6), ncutrophils
and perivascular smooth muscle cells were also
present. However, no neural elements were en-
countered in the tumor. Perithelial cells were
seen peripherally to the endothelial cells of the
mature vessels. They possessed phagocytic
ability. Transitional forms were seen between the
pcrithclial cells and the phagocytic, fibroblastic
tumor cells (Fig. 3).
Lysosomes were found in various forms. They
were present in great number and variety in the
phagocytic fibroblasts and fibrocytes, and in
small number in endothelial cells. In the endo-
thclial cells lysosomes were seen as dense, round
bodies containing only a few ferritin particles
(Fig. 5), while in the phagocytic fibroblasts and
fibrocytes the lysosomes contained, as a rule, large
aggregates of ferritin particles (Figs. 4, 6). The
ferritin particles apparently were derived from
phagocytized crythrocytes (Fig. 8). In lysosomes
containing large aggregates of ferritin particles
it was impossible to discern the internal structure,
but those containing smaller amounts showed
linear structures (Fig. 9). All types of lysosomes
were surrounded by a double-layered unit mem-
brane (Fig. 10). It was often seen that several
lyosomcs which had their own membrane were
surrounded by a common outer membrane (Fig.
9). In some instances this common outer mem-
brane was continuous with the smooth-surfaced
endoplasmic reticulum (Fig. 9). Not all lysosomes
within an individual cell were at the same stage
of development and thus differed in size and
number of ferritin particles (Fig. 10).
In Kaposi's sarcoma the lysosomes are pri-
marily engaged in the digestion of extravasated
crythrocytes. The sequence of the digestive
process (Diagram 1) appears to be similar to that
described by du Duve (16) and Novikoff (17) for
lyosomes in other tissues: (1) Erythrocytcs arc
phagocytized by fibroblasts; (2) smooth-surfaced
cndoplasmic reticulum, probably supplied from
Golgi apparati, surrounds the erythrocytes and
the initial stage of decomposition, for which some
digestive enzymes may come from the near-by
rough-surfaced endoplasmic reticulum, can begin;
(3) an advanced stage of digestion occurs during
which digestive vacuoles form, which may be
-.
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FIG. 5. EncloIhelial cells. Four large endothelial cells of a newly formed blood vessel almost occlude
the lumen. Two lysosomes (L) are present in the endothelial cells with only a small amount of ferritin
particles. Arrows indicate pinocytotic vesicles in and along the cells. N: nucleus of endothelial cell.
P: perithelial cells. X 29,500.
heavily loaded with ferritin particles during an lytie enzymes and become residual bodies (Fig.
active phase (Figs. 4, 6) but may not contain 9) and the digested erythroeytes are evacuated
many ferritin particles while not active (Fig. 10); from the residual body and the cell into the
(4) after repeated digestive activities the diges- intercellular space in the form of ferritin particles;
tive vacuoles become exhausted of their hydro- (5) the evacuated ferritin particles are again
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Fxo. 6. Fibroblasl and fibrocyte. One phagocytie fibroblast and one fibrocyte contain lysosomes with
ferritin particles. In an amorphous substrate (a) surrounding these cells the organization of collagenous
fibrils (arrows) is observed. Young collagen fibers (C) are abundant. N: nucleus. X 14,550.
taken into phagocytie fibroblasts by means of
pinoeytosis and undergo the same cycle of diges-
tion.
Sections stained with a modification of Go-
mon's acid phosphatase stain, on examination
with the electron microscope showed deposits
of lead phosphate in the lysosomes as well as along
the inner surface of the smooth-surfaced endo-
plasmie reticulum (Fig. 11, a and b).
DISCUSSION
Sections stained for non-specific alkaline phos-
phatase showed various stages of maturation
from immature to well-formed vascular elements.
The intensity of the enzymatic reaction increased
with the degree of maturation of the vascular
structures. An intense reaction of acid phospha-
tase and a moderate to strong reaction of $-glu-
curonidase in the granules of the perivascular
tumor cells indicates that these tumor cells are
capable of phagocytosis (10, 18) and that the
granules in them represent the lysosomes (17)
seen by electron microscope.
The fact that electron microscope studies re-
vealed within the tumor cells lyosomes containing
acid phosphatase activity is against the view of
Pepler and Theron (3, 4) since schwannian cells
do not contain lysosomes (21).
Pepler and Theron's view (3, 4) that Kaposi's
sarcoma arises from sehwannian cells was based
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FIG. 7. Phagocytired erythrocyte. An erythrocyte (R) trapped in a phagocytic fibroblast is undergoing
digestion and shows mottled areas of absorption. Abundant smooth surfaced endoplasmic reticulum
(ser) surrounds the erythrocyte. C: collagen. N: nucleus. X 21,500.
on finding a positive reaction for pseudocho-
lincsterasc in the tumor cells and on finding multi-
layered intracytoplasmic inclusions showing
mesaxon-like connections with the plasma mem-
brane. In the present investigation the pseudo-
eholinesterase stain did not reveal a positive
reaction in the tumor, and neither did the stain
for monoamine oxidase. It is true that these en-
zymes are specific for nerve elements (19, 20)
but they do not stain all kinds of nerve struc-
tures; for example, some of the neurofibromas
are not stained by either of these two enzymes
(21). Therefore, these enzymes can not be used
as criteria to decide whether Kaposi's sarcoma
arises from sehwannian cells or not.
The interpretation of laminated bodies as
representing schwannian myelin sheath is un-
likely since these bodies have been found also in
conditions other than Kaposi's sarcoma (22, 23).
In angiokeratoma eorporis diffusum (22) very
similar bodies were found in the endothelial cells
of dilated vessels and in syringoma they were
found in the lumen of the tumor (23). These
bodies seem to represent the residual bodies of
lysosomes (16, 17, 22).
Lysosomes are the organelles of intracellular
digestion and contain non-specific acid phos-
phatase, fl-glueuronidase, several other enzymes
as well as phospholipids, and a PAS-positive
substance (17). Naturally, phagoeytie cells con-
tain a large amount of lysosomes. Phagoeytie
ability is one of the most striking characteristics
of the perithelial cells and of perivaseular phago-
cytic fibroblasts. The histoehemical as well as
electron microscopic findings strongly support
the view that the tumor derives from vascular
cells rather than from sehwannian cells which do
not participate in phagocytosis.
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FIG. S. Digestion of erythrocyte. Advanced stage in the digestion of an erythrocyte (R) is shown.
Myriads of ferritin particles are seen in the slightly fibrous matrix of the cytoplasm of the erythrocyte,
especially at the periphery (arrows). Abundant smooth-surfaced endoplasmic reticulum (ser) surronnds
the aggregates of ferritin particles. C: collagen fibers. X 21,500.
SUMMARy
1. Histoehemical and electron microscopic
stndies of four cases of Kaposi's sarcoma revealed
that the tumor was composed mainly of two
types of cells, that is, proliferating cndothclial
cells and proliferating perithelial cells. The latter
develop into phagocytic fibroblasts.
2. The proliferating endothelial cells showed a
weak reaction for non-specific alkaline phos-
phatase, whereas the mature vessels present in
the tumor showed a strong enzymatic reaction.
In electron microscopic studies the endothelial
cells showed only a small number of lysosomes
which contained sparsely distributed ferritin
particles.
3. The phagocytic fibroblasts appeared to
originate from the perithelial cells of proliferating
vessels. The phagocytic fibroblasts were seen to
produce immature collagenous fibrils.
4. The ferritin containing organelles seen in the
cytoplasm of phagoeytie fibroblasts were identi-
fied as lysosomes on the basis that they showed
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FIG. 9. Residual bodies. Residual bodies (r) which simulate sehwannian myelin sheath are shown.
Several of these laminated residual bodies are surrounded by a common membrane (m) which seems to
be continuous (arrow) with the membranes of the smooth surfaced endoplasmic reticulum (ser). M:
mitochondria. N: nucleus of a phagocytic fibroblast. P: pinocytotic vesicle. X 35,000.
Fsa. 10. Phagocylic fibroblasls. Two phagocytic fibroblasts are shown. The cell on the right contains
several lysosomes (L) in which great numbers of ferritin particles are present, while the one on the left
contains a number of lysosomes which show a rather small amount of ferritin particles and are sur-
rounded by a double membrane (arrow). Both cells contain abundant amounts of smooth-surfaced
endoplasmic reticulum (ser). M: mitochondria. N: nucleus. X 31,250
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DIAGRAM I. Schematic presentation of the intracytoplasmic digestion of a red blood cell. Pi: pinocytosis
of ferritin. RER: rough-surfaced endoplasmic reticulum. RBC: red blood cells.
A B
Fia. 1l,a. Acid phosphate stain. Dense deposits of lead phosphate in various sizes and forms (arrows)
are seen in the lysosomes which contain fine particles of ferritin. N: nucleus. X 9,615
FIG. 11,b. Acid phosphate stain. Dense particles of lead phosphate are deposited along the inner
surface of the smooth-surfaced endoplasmic reticulum. N: nucleus. X 5,920
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by electron microscopy non-specific acid phos-
phatase activity and structural characteristics
compatible with lysosomes and by histochemistry
positive reactions for non-specific acid phos-
phatase, $-glueuronidase, PAS and Sudan Black
B stains.
5. The multi-laminated bodies often found in
the phagocytic fibroblast were identified as the
residual bodies of lysesomes and not as myelin
sheath of sehwarmian cells.
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